SUMMARY Arterial hypoxemia is a common finding in acute pulmonary embolism, and its severity is generally assumed to be proportional to the extent of pulmonary artery obstruction. We studied blood gases (during room air breathing and 100% oxygen breathing) and hemodynamic data in seven patients with massive pulmonary embolism and circulatory failure. All measurements were made before and 30 minutes after medical therapy of shock. We observed that a low cardiac output state can result in a misleading improvement in arterial oxygenation during massive pulmonary embolism, and that an improved circulatory status resulting from medical therapy (including inotropic drug infusion with or without blood volume expansion) can paradoxically increase arterial hypoxemia.
SUMMARY Arterial hypoxemia is a common finding in acute pulmonary embolism, and its severity is generally assumed to be proportional to the extent of pulmonary artery obstruction. We studied blood gases (during room air breathing and 100% oxygen breathing) and hemodynamic data in seven patients with massive pulmonary embolism and circulatory failure. All measurements were made before and 30 minutes after medical therapy of shock. We observed that a low cardiac output state can result in a misleading improvement in arterial oxygenation during massive pulmonary embolism, and that an improved circulatory status resulting from medical therapy (including inotropic drug infusion with or without blood volume expansion) can paradoxically increase arterial hypoxemia.
We conclude that severity of arterial hypoxemia may not reflect the severity of pulmonary artery obstruction in acute pulmonary embolism if shock is present.
ARTERIAL HYPOXEMIA is a common finding in acute pulmonary embolism'-4 resulting from mismatching of ventilation and pulmonary blood flow. Many authors consider arterial hypoxemia an important diagnostic feature,3 and its severity is generally assumed to be proportional to the extent of reduction in pulmonary vascular bed.5
Because some researchers have found cases of massive pulmonary embolism without arterial hypoxemia,6 we studied patients suffering from massive pulmonary embolism to examine the effect of a low cardiac output on arterial oxygenation.
Patients and Methods
We studied seven patients ( 2.1 ± 0.6 1/min/m') and arteriovenous oxygen content difference narrowed (from 9.5 ± 2.4 to 6.3 ± 1.6 vol%). Figure 1 shows all measurements of arterial oxygen tension; measurements were made with 100% 02 breathing (in seven patients) and with room air breathing (five patients); these measurements were repeated after 30 minutes of medical therapy; all measurements were plotted against cardiac index values; in each patient arterial oxygen tension decreased when cardiac index increased. Figure 2 shows all calculations of physiological shunting; calculations were made with 100% breathing and were repeated under the same conditions after 30 minutes of medical therapy; all values of physiological shunting were plotted against cardiac index values. In each patient physiological shunting increased when cardiac index increased.
Discussion
In pulmonary embolism, the degree of systemic arterial hypoxemia is often assumed to be proportional with the degree of angiographic obstruction.5 Pulmonary embolism causes major inequalities in distribution of pulmonary blood flow; however, it causes major changes in lung mechanics;8' these abnormalities result in a partial impairment for oxygen exchange in some lung areas (with a low VA/Q ratio: "shunt effect") and in a total impairment for oxygen exchange in some others (with VA/Q = 0: "physiological shunting"). Ventilation perfusion imbalance caused by pulmonary embolism explains venous admixture and the usual finding of arterial hypoxemia. Circulatory adjustment in massive pulmonary embolism usually involves a slight increase in cardiac output,5' 10 and this hemodynamic response worsens ventilation perfusion imbalance because a higher pulmonary blood output must flow through a smaller pulmonary artery tree. Under these conditions the degree of ventilation perfusion imbalance, and then the degree of hypoxemia, is logically proportional to the extent of pulmonary artery obstruction.1' Except in some cases where arterial hypoxemia results from a right-to-left intracardiac shunting by a patent foramen ovale,"2 hypoxemia in pulmonary embolism usually results from mismatching of ventilation and pulmonary blood flow (ventilation/perfusion imbalance). None of our patients had patent foramen ovale (patent foramen ovale was excluded during angiography or autopsy); therefore, we assumed that they were hypoxemic because of ventilation perfusion imbalance.
Our study indicates that arterial hypoxemia in pulmonary embolism may not always be proportional to the extent of vascular obstruction, especially when pulmonary embolism induces circulatory failure. Our study was performed in seven patients suffering from massive pulmonary embolism with circulatory failure; massive pulmonary embolism was evidenced by pulmonary angiography in five cases (with a severity index"3 of 12 + 4) or by autopsy finding in two; circulatory failure, caused by right-heart failure (six cases) or hypovolemia (one case), was confirmed by a low systemic arterial pressure and a low cardiac output (table 1) ; severity of shock was demonstrated by the presence of metabolic acidosis in each patient. Circulatory failure was managed (with inotropic agents and in some cases blood volume expansion), permitting a rapid hemodynamic improvement (table 2) with a rise in cardiac output. In the same time we observed that medical therapy caused wide variations in blood gases; arterial oxygen tension breathing room air and arterial oxygen tension breathing 100% oxygen both decreased when cardiac output increased (fig. 1) ; physiological shunting (measured during 100% oxygen breathing) increased in each patient when cardiac output increased (fig. 2) ; carbon dioxide tension was unchanged. Changes in the extent of pulmonary artery obstruction cannot explain the variations in blood gases, since they were observed after a very short time and before starting urokinase therapy. We believe that rapid increase in pulmonary blood flow due to medical therapy causes worsening in ventilation perfusion imbalanc'v by recruitment of poorly ventilated areas (with a low VA/Q ratio); similarly, a low cardiac output state during acute massive pulmonary embolism can probably lead to a better matching of ventilation and pulmonary blood flow by derecruitment of poorly ventilated areas (with a low VA/Q ratio).
This study demonstrates that the severity of arterial hypoxemia cannot be related to the extent of vascular obstruction in acute pulmonary embolism with shock.
